Microvesicles (MVs) from mesenchymal stem cells (MSCs) have been reported as a new communicated way between cells. This study evaluated the influence and underlying mechanism of MVs-shuttled miR-451a on renal fibrosis and epithelial mesenchymal transformation (EMT) in diabetic nephropathy (DN) with hyperuricemia. MVs were isolated from MSCs-cultured medium by gradient ultracentrifugation. The level of miR-451a in MSCs and MVs was analyzed by qPCR. The changes of miR-451a, E-cadherin, a-SMA, P15INK4b (P15), and P19INK4d (P19) were measured in hyperglycosis and hyperuricemia-induced cell (HK-2) and mouse models. The changes of cell cycle were analyzed by flow cytometry. The ability of proliferation and viability was measured by BrdU and CCK8, respectively. Dual-luciferase reporter assays were conducted to determine the target binding sites. The renal function and histological changes of mice were analyzed. MVs showed the same surface markers as MSCs but much higher miR-451a expression (4.87 AE 2.03 fold higher than MSCs). miR-451a was decreased to 26% AE 11% and 6.7% AE 0.82% in injured HK-2 cells and kidney, respectively. MV-miR-451a enhanced the HK2 cells proliferation and viability in vitro, and decreased the morphologic and functional injury of kidney in vivo.
Introduction
Diabetes can cause a variety of chronic serious problems in multiple organs, including kidneys and eyes. While diabetic retinopathy is not life-threatening, diabetic nephropathy (DN) is the leading cause of death in patients suffering from diabetes. 1 The main pathological changes of DN are glomerular sclerosis and renal tubular interstitial fibrosis, in which the severity of interstitial fibrosis is more important
Impact statement
The mechanism of MSCs repairing the injured kidney in diabetic nephropathy is not yet clear. In the research, MVs showed the same surface markers as MSCs but much higher MiR-451a expression. miR451a was decreased in both injured HK-2 cells and kidneys. MV-miR-451a stimulated the cell proliferation and viability in vitro and promoted structural and functional improvements of injured kidney in vivo. Infusion of MV-miR-451a ameliorated EMT by reducing a-SMA and increasing E-cadherin. These effects relied on the improved cell cycle arrest and the down-regulation of P15 and P19 via miR-451a binding to their 3 0 -UTR region. This study demonstrated that MSC-MV-miR-451a could specifically inhibit cell cycle inhibitors to restart the blocked cell cycle and reverse EMT in vivo and in vitro. Therefore, miR-451a may be a new target for DN therapy.
in determining patient prognosis. There are no targeted or specific drugs for the treatment of DN, especially renal fibrosis. 2 Thus, the discovery of effective targets to delay or even reverse the disease process is critical but remains challenging.
Renal fibrosis is manifested by the injury of renal tubular epithelial cells, chronic inflammation and accumulated extracellular matrix. Epithelial mesenchymal transformation (EMT) is vital in the pathological process of renal fibrosis. Renal fibrosis is usually accompanied with cell cycle arrest. 3 Both P15INK4b (P15) and P19INK4d (P19) belong to the INK4 protein family of the cyclin kinase inhibitors (CKIs). They specifically inhibit cell cycle kinase activity and the phosphorylation of Rb to arrest cells in the G 0 /G 1 phase. 4, 5 During EMT, the TGF-b signaling pathway is very important. Previous studies had found that high glucose caused renal parenchymal cell cycle arrest. And it also increased TGF-b expression, leading to EMT and interstitial fibrosis. 3 Whether the arrested cell cycle accelerates the process of EMT is the core subject of our research. If the recovery of cell cycle could improve EMT, it should offer a new way to treat renal fibrosis.
Nearly half of patients with diabetes are associated with hyperuricemia. Glomerular sclerosis and interstitial fibrosis are the main characteristics of these patients, who also often suffer from uric acid (UA) salt crystals. Thus, we used high concentrations of glucose and UA to induce a human renal proximal tubular epithelial cell damage model and a mouse model of diabetes with high UA to imitate the real state in DN patients.
The transplantation of mesenchymal stem cells (MSCs) could significantly improve renal damage and promote renal repair. 6 Some researches displayed that MSCs directly differentiate into renal tubular epithelial cells and promote renal repair. 7 However, most scholars believed that the paracrine mechanism was more important than the direct effect of MSCs in the process of repair. 8, 9 MSC-conditioned medium was verified to contain microvesicles (MVs). 10 MVs are released from MSCs under conditions of rest, hypoxia stress, apoptosis, and shear stress and have a subcellular and heterogeneous structure. MVs are internalized into the target cells shuttling the surface receptors, proteins, bioactive lipids, mRNAs, and microRNAs to the cells, which regulate cell growth and differentiation. The miRNAs delivered by MV could regulate cell growth and differentiation. MicroRNA-451a (miR-451a) was first found in 2005 by Altuvia et al. 11 and located in chromosome 17qll.2. MiR-451a is related with the regulation of the hematopoietic system, differentiation, epithelial cell polarity formation, and other processes. 11 The target genes of miR-451a include calcium-binding protein, eukaryotic translation elongation factor, and the F-box protein family, which participates in the process of DN. It is the most highly expressed miRNAs in MV. 11 The research aims to study how miR-451a in MSC-MVs restarts the blocked cell cycle of HK-2 and retards the progress of EMT and to explain the mechanism of renal injury repair.
Methods

Isolation of MVs from human MSCs and fibroblasts
Human umbilical MSCs were obtained from the Sichuan Stem Cell Bank & Sichuan Neo-Life Stem Cell Biotech Inc. MSCs were analyzed for immunophenotype by flow cytometry. MSCs expressed typical MSCs markers without hematopoietic markers and costimulatory molecules. The adipogenic differentiation and osteogenic differentiation of MSCs were determined as described previously. 12 Human foreskin fibroblasts (HFFs) were derived from the dermis 13 and used as a control. MSCs and HFFs were cultured in DMEM containing 10% FBS (Gibco), which was ultracentrifuged at 100,000g for 1 h at 4 C (Backman Coulter, Optima L-100K) to remove MVs in FBS before use. MVs were isolated from culture supernatants. To remove debris and dead cells, the supernatants were centrifuged at 500g at 4 C for 10 min, 2000g at 4 C for 15 min, and then 10,000g at 4 C for 30 min. The cell-free supernatants were ultracentrifuged twice at 100,000g at 4
C for 1 h. The protein concentration was analyzed by BCA methods (Beyotime Biotechnology).
Identification of MSC-MVs and analysis of the expression of miR-451a
The immunophenotype of MSC-MVs was analyzed by flow cytometry (Navios, Backman Coulter). Beads with sizes of 1.0 lm, 0.8 lm, and 0.4 lm, (Molecular Probes, Backman Coulter) were used as size markers. Flow cytometry was done as described previously (CD166, CD105, CD90, CD44, CD45, CD34, CD14, HLA-DR, Beckman Coulter). 8 Moreover, the Zetasizer Nano instrument (Malvern Instruments, Malvern Worcestershire, UK) and a dynamic light scattering particle size analyzer (LB-550, Horiba, Japan) were used to measure the size of MVs.
The 100,000g fraction of vesicles was suspended in 50-100 lL of 2% paraformaldehyde and deposited in plastic chamber slide wells. Vesicles were left to adhere to the plastic at room temperature overnight. If not completely dry, the excess liquid was removed, and the vesicles were post-fixed in 2.5% glutaraldehyde at 4 C for 10 min and dehydrated in ethanol. The cover of the chamber slide was removed, and the slide was coated with gold via sputtering for further observation by scanning electron microscopy.
RNAs were extracted from MSC-MVs and MSCs. The miR-451a level was tested using q-PCR using the SYBR Green PCR Kit (Ribo, China) and StepOneTM Real Time System (Bio-Rad, USA). Water was used as negative controls. The expression of miRNA between cells and MVs was compared based on the relative expression data. The results were normalized against one of the most stable miRNAs identified between cells and MVs.
14 Furthermore, we also used external references (39-3p) to compare miRNA levels between MVs and MSCs. The fold change in miRNA expression between the cells and the MVs was calculated based on the normalized mean differences (2 -᭝᭝Ct ). ) were cultured in DMEM containing 10% FBS (Gibco, Burlington, Canada) at 37 C in 95% air-5% CO 2 . The injured HK-2 was established with high glucose (30 mM) and/or high UA (10 mg/dL). For the in vitro study, HK-2 cells (1 Â 10 5 ) were treated in one well of six-well plate as the following groups: (1) 5.5 mM glucose control (NG); (2) 30 mM glucose þ 10 mg/dL UA (GU); (3) GU þ 30 lg MVs (MV); (4) GUþ 100 nM miR-451a mimic (RiboBio, China) (m); (5) GU þ 100 nM miR-451a inhibitor (RiboBio, China) (I); and (6) GUþMV þ 100 nM miR-451a inhibitor (VI). There were several control groups: 5.5 mM glucose þ 25 mM D-mannitol (D, osmotic control); HFF-MVs (H); transfection reagent control; mimic and inhibitor control groups. All experiments were performed on cells from passages 3-8 with 80-90% confluence.
Cell viability and cell cycle analysis
CCK-8 Assay Kit was used to determine cell viability (Dojindo Molecular Technologies) according to the manufacturer's protocol.
Cell proliferations were tested with BrdU detection (Roche). The absorbance was tested by microplate reader (BioTek) at a wavelength of 370 nm.
After treatment, cells were collected and permeabilized overnight in 75% ethanol, then incubated with RNase (200 lg/ml) and PI (100 lg/ml) for 30 min at 4 C. The proliferation rate determined followed the equation proliferation rate¼(SþG 2 /M)/(G 0 /G 1 þSþG 2 /M).
Real-time PCR quantification
Total RNA of HK-2 cells was extracted by Tripure isolation reagent (Roche) and reverse transcribed to cDNA via firststand cDNA synthesis kit using random primers (Roche). qPCR was performed to analyze P15, P19, E-cadherin, a-SMA using SYBR Premix Ex Taq (Takara Bio) (Table 1) , and miR-451a using the SYBR Green PCR Kit (Ribo, China). The 2 -᭝᭝Ct method was performed for data analysis.
Western blotting
Proteins were extracted from HK-2 cells with a lysis buffer containing PMSF. Proteins run on SDS/PAGE and transferred to polyvinylidene difluoride membranes.
The membranes were probed with antibodies against P15, P19, E-cadherin, and a-SMA (cat. NB100-91906, NB; ab102842, abcam; 610181, BD; ab5694, abcam) at 4 C overnight. After incubation with 1:2000 secondary antibody, the proteins were visualized by the Molecular Imager Gel Doc XR System (Bio-Rad).
Luciferase reporter assay
Human p15 3 0 -UTR (1530 bp) and p19 3 0 -UTR (693 bp) with a mutation of the miR-451a seed sequence (p15:WT820-826 5 0 -AACGGUU-3 0 , mutant 820-826 5 0 -TTGCCAA-3 0 ; p19: WT240-246 5 0 -AACGGUU-3 0 , mutant 240-246 5 0 -TTGCC AA-3 0 ) were amplified by PCR (Tables 2 and 3 ) and cloned into the firefly and Renilla luciferase reporter vector pmiR-RB-REPORT (RiboBio Co., Ltd) predigested with Xho I and Not I. The 293T cells were seeded on 24-well plates with a density of 1 Â 10 5 cells/well and transfected with luciferase reporter vectors (30 ng). Twenty-four hours after transfection, firefly and Renilla luciferase activities were measured, according to the manufacturer's manual (Promega). The renilla luciferase signal was normalized to the firefly luciferase signal for each individual analysis.
Mouse model of DN with hyperuricemia and treatments by MSC-MV-miR-451a
Studies were conducted following the National Institute of Health Guide for the Care and Use of Laboratory Animals. After two weeks of adaptive feeding, the 36 male Babl/c mice (8 to 10 weeks old) were divided into the following four groups, randomly following the principle of weight: (i) normal control group (N, n ¼ 9), (ii) diabetes mellitus with high UA group (GU, n ¼ 9), (iii) intervention with MSC-MVs in GU mice (MV, n ¼ 9), and (iv) intervention with miR-451a agomir in GU mice (agomir, n ¼ 9, RiboBio, China). Mice were induced diabetes by a single intraperitoneal injection with STZ (180 mg/kg). After 72 h, the tail blood was tested. Blood glucose above 16.7 mM was regarded as a diabetes model. Potassium oxonate (PO, 400 mg/kg) and adenine (25 mg/kg) were administered by intragastric administration once daily until they were sacrificed. The concentration of UA above 0.2 mg/dL was regarded as a hyperuricemia model. MVs (1.5 mg/kg) and agomir (0.5 mmol/kg) were injected at the tail vein to sacrifice the mice at each weekly time point. Nine mice were killed in each group at each time point (five weeks, seven weeks, and nine weeks). Renal function was monitored (serum urea nitrogen, creatinine, glucose, and UA). To observe the pathological changes in kidney tissue, HE staining, Masson staining, and immunohistochemistry (P15, P19, E-cadherin, and a-SMA) were performed. q-PCR and WB were used to detect the expression level. The expression of markers was measured using Image-Pro-plus 6.0 software (Media Cybernetics, Inc.) to analyze the integral optical density. Fluorescence microscopy was used to ensure that fluorescence MVs could implant into the damaged renal tissue.
Statistical analysis
Results were expressed as the means AE SD from at least three independent experiments. SPSS version 19.0 (SPSS Inc.) was used for statistical analysis, and comparisons between two groups were measured using Student's t-test. A two-sided P < 0.05 was considered statistically significant.
Results
Characterization of MSC-MVs
Under scanning electron microscopy, MSC-MVs appeared as round or oval vesicles. The size of MVs ranged from tens to hundreds nanometers (Figure 1(a) ), and their sizes were subjected in two sub-regions: near 30 nm (13.8%) and 300 nm (86.2%) (Figure 1(b) ). The forward scatter signal tested MSC-MVs (Figure 1(c) ). CD166, CD105, CD90, and CD44 were positive, which were known to be expressed on the MSC membrane as adhesion molecules; CD45, CD34, CD14, and CD80 were negative (Figure 1(d) ). The expression level of miR-451a in MVs was 4.87 AE 2.03 fold higher than that in MSCs (P ¼ 0.032).
MSC-MV-miR451a could decrease HK-2 damage induced by high glucose and UA Cell viability was significantly decreased in the GU group (GU, 75.01% AE 0.61%), and the rate was further reduced by addition of the miR-451a inhibitor (I, 72.03% AE 0.66%). Cell activity significantly increased after MSC-MVs (MV) and miR451a mimic treatment (M) (97.30% AE 0.94%; 97.00% AE 0.69%; compared to the GU group, P < 0.05). However, in the VI group, the cell viability reduced to 79.30% AE 0.75%. No difference existed between the D-mannitol group (hypertonic control D, 97.73% AE 0.92%) and the control group (P > 0.05). The MVs secreted by fibroblasts (H) did not differ from the GU group in terms of cell viability (P > 0.05) (Figure 2(a) ). Cell proliferative rate showed the same changing trend (Figure 2(b) ).
Compared with the normal control group (proliferation index 47.85% AE 0.15%), the proliferation index of the GU group was reduced to 38.20% AE 0.52% (P ¼ 0.001) and then decreased to 37.29% AE 0.42% by the addition of inhibitor (I). However, the addition of MSC-MVs and mimics both could increase the proliferation index to 46.50% AE 0.11% and 46.22% AE 0.02% (compared to GU, P < 0.05), respectively. The VI group showed a lower index (39.08% AE 0.38%) than MV. At the same time, the cell cycle of the D-mannitol group showed no obvious change compared to the normal control group (P > 0.05). There was no significant difference between MVs secreted by fibroblasts (H) and the GU group (P > 0.05) (Figure 2(c) and (d)) .
At 24 h, miR-451a in the GU group fell to 0.26 AE 0.11-fold of normal control (P ¼ 0.005). miR-451a in MSC-MVs group was 6.54 AE 0.08-fold higher than the control group. In the high glucose and UA group (GU), P15 increased to 2.81 AE 0.14-fold; P19 increased 4.71 AE 0.15-fold; E-cadherin decreased to 0.31 AE 0.05-fold; and a-SMA increased 6.36 AE 0.68-fold (compared to N, P ¼ 0.001, 0.001, 0.0002, 0.007). After addition of the inhibitor (I), the expression of p15 (2.12 AE 0.16), p19 (1.13 AE 0.04) and a-SMA (3.26 AE 0.40) decreased in the presence of mimic (m), but the expression of E-cadherin increased (0.59 AE 0.06) (compared with GU, P < 0.05). However, the effect of improvement from MSC-MV was counteracted by inhibitor (VI) (Figure 3(a) ). These markers' protein expression levels were consistent with mRNA levels (Figure 3(b) and (c) ).
The 3 0 -UTR luciferase reporter assays were used to assess the direct repression of miR-451a. Luciferase activity in cells (containing WT vector) was reduced in response to miR-451a in both P15 and P19. In a separate experiment, miR-451a was transfected into a mutant vector and showed no change in luciferase activity. Furthermore, a miR-451a mimic control did not change the values in WT vector and Mut vector. These results indicate that miR-451a directly repressed p15 and p19 via 3 0 -UTR (Figure 3(d) ).
MSC-MV-miR451a reduced renal fibrosis in diabetic mice with high UA model in vivo
The blood glucose in the GU group was 44.88 AE 3.16 mmol/L (normal control group 6.19 AE 1.03 mmol/L, P < 0.01). The UA level in the GU group was 1.88 AE 0.38 mg/dL (normal control 0.21 AE 0.07 mg/dL, P < 0.01) (Figure 4(a) ). During the experiment, urea nitrogen (urea) and serum creatinine (crea) increased gradually in the GU group, but administration of MV or miR-451a (agomir) decreased the urea and crea levels. (Figure 4(b) ). ........................................................................................................................................................ 
....
The expression levels of a-SMA were 7.14 AE 0.13-fold (GU), 2.12 AE 0.25-fold (MV), and 2.44 AE 0.06-fold (agomir), respectively (compared with GU, P < 0.05). Nevertheless, E-cadherin in the GU group was only 0.42 AE 0.03-fold of the control. MV and agomir improved E-cadherin level to 0.83 AE 0.03-fold and 0.80 AE 0.02-fold (compared to GU, P < 0.05) (Figure 4(c) ), respectively. Conversely, a-SMA decreased after treatment with MV and agomir, and the expression of E-cadherin improved (compared to the GU group, P < 0.01) (Figure 4(d) and (e) ).
The DM mice with high UA injury showed serious pathological changes in following eight weeks: from the mild volume increase to visible scar-like changes in the general specimen, from vacuole and particle denaturation to flattened even flaky or diffuse atrophy in renal tubular epithelial cells, gradual expansion in the lumen, and protein cast gradually increased, from mononuclear cell infiltration to focal and even multifocal fibrosis in renal interstitial tissue (Figure 4(f) ). The pathological changes in the process, i.e. immunohistochemistry showed similar trends: a-SMA increased gradually, while E-cadherin showed a decreasing trend. And MVs and agomir could reverse this trend (Figure 4(g) ). MV and agomir interventions significantly improved renal pathology in DM mice.
MSC-MV-miR451a reduced renal fibrosis through down-regulation of the P15INK4b and P19INK4d
The expression of miR-451a in the GU model significantly decreased to 6.73% AE 0.82% of the N group (P < 0.01). However, after infusion of MV for eight weeks, the level of miR-451a increased to 61.01% AE 3.51% (compared to GU, P < 0.01) (Figure 5(a) ).
The expression of P15 in kidneys of DM mice was 6.10 AE 0.16-fold of the normal control. DM mice treated with MV or agomir were only 1.31 AE 0.08-fold and 1.57 AE 0.06-fold (compared with GU, P < 0.05). The expression levels of p19 were 3.52 AE 0.05-fold (GU), 1.47 AE 0.05-fold (MV), 1.65 AE 0.03-fold (agomir), respectively (compared to GU, P < 0.05) ( Figure 5(b) ). After eight weeks, the protein expression of P15 and P19 was markedly up-regulated, while the expression of E-cadherin was down-regulated in the kidney of the GU group. By contrast, the expression of P15 and P19 decreased after treatment with MV and agomir. MV showed better protective effect than that of agomir (compared to the GU group, P < 0.01) ( Figure 5(c) and (d) ).
The expression of P15 and P19 in kidney increased gradually. But MVs and agomir could reverse this trend ( Figure 5 (e) and (f)).
Discussion
In the present study, we demonstrated that miR-451a was enriched in MSC-MVs. MSC-MVs-miR-451a could specifically inhibit P15 and P19 to restart the blocked cell cycle. Furthermore, it could improve EMT by regulating E-cadherin and a-SMA. It verified that cell cycle was associated with EMT.
At present, clinical and epidemiological data indicate that 35% to 50% of patients with diabetes were complicated with hyperuricemia. 15 There were so many mechanisms of hyperuric acid aggravating DN. [16] [17] [18] NO was one of them. Hyperuricemia could reduce NO level by direct clearance of NO and inhibition of the dense spot NO synthase system. Insulin was partly dependent on NO mediation to take up glucose, and high blood UA levels increased insulin resistance. In addition, UA deposition in the organization would cause direct toxic effects, such as inflammation and increased expression of TNF-a 19 and TGF-b.
20 In type 2 diabetes mellitus, lowering blood UA could alleviate microalbuminuria and tubulointerstitium. 21, 22 Therefore, we set up compound model of high glucose and high UA in order to mimic the real progression of DN patients. Renal cell damage in DN renal fibrosis was often associated with cell cycle stagnation. 23 High glucose can induce renal tubular epithelial cells to produce excess ROS, [24] [25] [26] [27] [28] [29] which damages DNA and inevitably stages cell cycle. 30, 31 P15 and P19 belong to CKIs, which specifically inhibit the activity of CDK4 via its characteristic ankyrin repeat sequence. 32, 33 P15 and P19 are often considered as tumor suppressors. 34 However, they also have multiple biological functions, such as regulating stem cell differentiation, apoptosis, and DNA damage. 5 DNA damage activates P15 and P19 at the transcriptional level to inhibit the CDK4-6/ cyclinD/pRb signaling pathway, stage the cell cycle in the G 0 /G 1 phase, and stop replication to enter an irreversible growth stagnation state. 35 In this study, P15 and P19 were induced to up-regulated by high glucose both from mRNA levels and protein levels. And they down-regulated the cell viability, proliferative rate, and staged cell cycle before check-point, which is consistent with other studies.
The relationship of cell cycle arrest and EMT in renal interstitial fibrosis is still unclear. TGF-b-induced EMT acts mainly through the b-integrin signaling pathway to promote Smad molecular transcription. TGF-b forms a complex with Smad2, 3, and 4, which binds to transcription factors (Snail family, ZEB family, and bHLH family) to regulate the transcription of target genes, inhibit epithelial cell markers (E-cadherin), and activate stromal cell markers (a-SMA). 36, 37 It has been found that high glucose can cause cell cycle arrest in renal parenchymal cells, in which TGF-b expression increased and developed into ............................................................................................................................................................ EMT and interstitial fibrosis. 38 The TGF-b/Smad3-4 signaling pathway promotes the expression of p15. 39 Whether the delayed cell cycle is an accelerated EMT process is the subject of our research and a key step in emerging treatment. In this study, hyper glucose and hyperuricemia stopped cell cycle, and also produced EMT. MSC-MVs-miR-451a restarted the stagnant cell cycle, and then improved EMT. It implies that if the cell cycle is restored, EMT can be improved or even repaired, which would provide a new treatment for DN renal fibrosis.
Several studies demonstrated that MSC could alleviate renal damage including fibrosis in DN. 40, 41 In renal tubules after injury, the number of MSC was low, which implies MSC exerts trophic effect on injured tubular cells, but not a direct repopulation. 42, 43 Paracrine action may be the MSC's way to exert effects. 8, [44] [45] [46] MV originates from the MSCs-derived medium, which is the subcellular structure released under certain conditions, and with heterogeneity. 47 At present, MSC-MVs have been served as a biological factors carrier, including protein (membrane receptor, ribosomal protein) and genetic material (mRNA, miRNA). 48 MSC-MV surfaces express not only common membrane proteins such as CD9 and CD81 but also express MSC-specific adhesion molecules, such as CD44 and CD29. 48 This coincides with our results, that MVs derived from MSCs have the same surface marker as MSC. These adhesion molecules are vital in entering target cells. Bruno et al. 14 showed that with anti-CD44 and CD29 antibody treatment, MSC-MVs no longer enter renal tubular epithelial cells. Furthermore, MSC-MVs contain specific nucleic acids, which have been reported to play a protective role in acute renal injury of non-SCID mouse models. MVs highly enriched miRNAs and shuttled them to target cells to exert protective effect. 50 The highly expressed miRNAs of MSCs included miR-223, miR-564, and miR-451a. In our study, miR-451a was verified to be enriched in MVs compared with MSCs. And the enriched miR-451a targeted p15 and p19 to restart cell cycle and slows down the process of EMT. On the other hand, researchers have found that miR-451a was down-regulated by the screening of microRNAs in the early phase of type 2 DN mice, 51 which was consisted with our results in DM mice. Ywhaz had been reported as one of the target genes of miR-451a, which mediates the insulin receptor and p38MAPK signaling pathway to protect the glomerular hypertrophy. 51 We found CKIs were the new targets of miR-451a. miR-451a inhibited p15 and p19 by binding to their 3 0 -UTR. And it made some effect on cell cycle and EMT.
Taken together, our data demonstrate that miR-451a shuttled by MSC-MVs is one of their effectors to repair fibrosis in DN with hyperuricemia. And we propose that miR-451a regulates cell cycle by targeting p15 and p19 and ameliorates EMT. The research provides a rationale for incorporating miR-451a into current prognostic and therapeutic marker in DN.
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